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(57) ABSTRACT

A method for measuring a substrate in the form of a lithog-
raphy mask or a mask blank for producing a lithography mask
comprises the alignment of a substrate coordinate system
(SKS), predetermined by a first marker structure, relative to a
position measurement system, a measurement of actual posi-
tion data (IST) of a second marker structure with predeter-
mined intended position data (POS) in the substrate coordi-
nate system (SKS), and an establishment of a transformation
(T) of the substrate coordinate system (SKS) into a trans-
formed substrate coordinate system (tSKS), wherein the
transformation (T) is established in such a way that deviations
between the actual position data (IST) and the intended posi-
tion data (POS) of the second marker structure are reduced.

21 Claims, 5 Drawing Sheets
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1
METHOD FOR MEASURING A
LITHOGRAPHY MASK OR A MASK BLANK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. §119 to
German Application No. 10 2014 209 455.0, filed May 19,
2014, the entire contents of which are hereby incorporated by
reference.

The invention relates to a method for measuring a lithog-
raphy mask or a mask blank for performing such a method.
Furthermore, the invention relates to a method for establish-
ing an overlay of two lithography masks and a method for
producing a lithography mask. Finally, the invention relates
to a position measurement system (registration tool).

Methods for measuring lithography masks are known from
US 2013/0 245 971 A1 and US 2010/0 233 593 Al.

Ever more stringent requirements are placed on the preci-
sion in microlithography, in particular in view of the lithog-
raphy masks. In order to produce semiconductor elements in
lithography, scanners or steppers are used to project the struc-
tures of lithography masks onto wafers, which are coated with
a light-sensitive layer—the resist. In order to produce ever
smaller structures on the wafer, it is necessary to increase the
resolution further during the exposure of the wafer. A high
precision makes it necessary to be able to establish the exact
arrangement of a structure.

Using a position measurement system (registration tool),
special structure elements, which are referred to as a “regis-
tration pattern” or as a “mark”, are measured on a mask and
compared with the intended positions thereof. Positions of
structure elements of the mask, which are part of the used
structures of the mask, are also measured. This is referred to
as “real pattern registration”. The deviation between the
intended position of a structure element and the actual posi-
tion thereof on the mask is the positioning error, which is also
referred to as “registration” or “registration error”.

Measuring the masks allows the positional accuracy of the
structures on the mask to be checked via electron beam writ-
ers during the writing process of the lithography masks.

The requirements of the measurement when establishing
positioning errors lie at 1 nm, but should be improved to down
to 0.5 nm in the next generation of instruments. In the case of
a given resolution and imaging fidelity of available position
measurement systems, these requirements can only be met by
applying special methods for evaluating the aerial images.

The wafer is exposed a number of times during the produc-
tion of semiconductors. Measuring the structures of an exist-
ing mask set renders it possible to qualify the deviation of the
structure positions for the individual lithographic layers with
respect to one another in the various lithography masks. The
error or the accuracy in the superposition of a plurality of
structures on the wafer is referred to as an overlay. Here, a
precision in the nanometer/sub-nanometer range is required,
especially in the DUV range and/or EUV range.

The multiple exposure, often double exposure, and the
multiple patterning of the lithography masks, often double
patterning, serve to increase the resolution of the structures to
be imaged on the wafer.

In this method, the overall structure of a layer to be pro-
duced on the wafer is subdivided into two or more partial
structures, which are formed on a set of different lithography
masks.

The requirement of the accuracy of the overlay is further
increased in this method.
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Therefore the requirements of the accuracy with which the
overlay of lithography masks is to be established increase in
addition to the requirement of the accuracy of the measure-
ment of lithography masks.

EUV masks are assembled from a base substrate, onto
which a multilayer which enables the reflection of the
employed illumination radiation at a wavelength of 13.5 nm is
applied. Then, an absorber layer is applied onto the multi-
layer. The structure of a mask to be produced, the mask
structure, is then produced by removing the absorber at the
necessary points. The base substrate with the multilayer and
with an absorber is referred to as a mask blank. Until now, it
has not been possible to produce these mask blanks without
errors. After producing the masks, they are checked for
defects. The positions of the defects are established. The
defects are specified in a coordinate system which is defined
by markers, so called fiducial marks, on the mask blank. Such
fiducial marks are, in particular, arranged on the substrate in
accordance with a known industry norm. When producing a
mask, an alignment of the predetermined structure on the
mask, which is to be produced on the mask blank, is sought-
after on the mask blank, in which as many defects as possible
are covered by the remaining absorber. This is all the more
possible the more precise the location of the defects is known.

Lithography masks and mask blanks are also referred to as
substrates in a conflating manner below. The predetermined
structure of a mask is referred to as mask design.

It is an object of the present invention to improve a method
for measuring a substrate in the form of a lithography mask or
a mask blank for producing a lithography mask, which has at
least one first marker structure and at least one second marker
structure, wherein the at least one first marker structure pre-
determines a substrate coordinate system. It is moreover an
object of the invention to improve a method for establishing
an overlay and a method for producing a lithography mask.

These objects are achieved by the methods in accordance
with the disclosure. The sequence of the steps is not fixedly
predetermined in this case.

The core of the invention consists of providing a multistage
method for measuring and/or aligning a substrate, wherein an
alignment is initially carried out for aligning a substrate coor-
dinate system relative to the position measurement system, in
particular relative to a machine coordinate system, i.e. a coor-
dinate system of the position measurement system. Position
data of at least one second marker structure on the substrate
are established in this substrate coordinate system. A trans-
formation of the substrate coordinate system, in which
intended position data of the second marker structure are
predetermined, can be established from the actual position
data established in the substrate coordinate system. The trans-
formation defines a substrate coordinate system which is
transformed, in particular, relative to the substrate coordinate
system.

The transformation is established, in particular, in such a
way that deviations between the actual position data and the
intended position data of the second marker structure are
reduced.

What is understood by this is that the actual position data in
the transformed substrate coordinate system has a reduced
deviation from the intended position data in the substrate
coordinate system. Here, the specification of the actual posi-
tion data in the substrate coordinate system serves as a refer-
ence.

The transformation is preferably established in such a way
that the deviation is minimized. It is also possible to specify a
criterion for a maximum tolerable deviation and establish the
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transformation in such a way that this criterion is satisfied or
generate corresponding information if this is not possible.

The precision of the position data can substantially be
improved by establishing these data of the second marker
structure in the substrate coordinate system. In particular, it is
possible to improve the accuracy, reproducibility and uncer-
tainty of position data which are measured in the substrate
coordinate system.

The substrate can be a mask, in particular a lithography
mask, in particular for DUV lithography or EUV lithography.
It can also be a mask blank, i.e. a substrate, in particular a
substrate yet to be patterned, for producing such a mask. The
substrate, in particular the lithography mask, can have a trans-
missive or reflective embodiment. The lithography mask or
the mask blank has at least a first and at least a second marker
structure.

The first marker structure comprises, in particular, at least
one, in particular at least two or more alignment markers,
so-called alignment marks, in particular first alignment
marks. Such markers are arranged by the producer on the
substrate, in particular on the mask blank or the lithography
mask. In the case of a mask blank, these markers can be
formed by so-called fiducial marks. Such fiducial marks are,
in particular, arranged on the substrate in accordance with a
known industry norm.

The second marker structure comprises, in particular, at
least one, in particular at least two or more alignment mark-
ers, so-called alignment marks, in particular second align-
ment marks. If these markers are arranged on lithography
masks, they are also referred to as scanner alignment markers.
In the case of a mask blank, these markers can be formed by
fiducial marks.

A position measurement system, as is described in e.g. DE
10 2007 033 814 Al and in WO 2008/071268 Al, serves to
measure the structure. The alignment of the first marker struc-
ture serves, in particular, for aligning the substrate coordinate
system relative to the position measurement system. The sub-
strate coordinate system is adjusted, in particular, relative to a
machine coordinate system, i.e. to a coordinate system of the
position measurement system. The first marker structure is
measured in the coordinate system of the position measure-
ment system. The substrate coordinate system (SKS) is
aligned via this data. The substrate coordinate system of a
mask is also referred to as mask coordinate system. The
substrate coordinate system of a mask blank is also referred to
as blank coordinate system.

The selection of the second marker structures to be mea-
sured and the predetermined intended position data thereof
are then predetermined in an alignment data record (AL).
This selection of the second marker structures to be measured
and the intended position data thereofis acomponent of a data
structure which forms a logical layer, which is also referred to
as adjustment or alignment layer. Such an alignment data
record with intended position data can be assigned to each
substrate.

The transformation is calculated or simulated. In particu-
lar, an algorithmic method, in particular an optimization
method, serves to determine the transformation. In particular,
an iterative method can be provided for determining the trans-
formation.

In accordance with one aspect of the invention, the devia-
tion between the actual position data in the transformed sub-
strate coordinate system and the intended position data in the
non-transformed substrate coordinate system is reduced by at
least a factor of 2, in particular at least a factor of 3, in
particular at least a factor of 5, in particular at least a factor of
10.
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Intended positions are predetermined with an accuracy that
is smaller, i.e. better, the 1 nm. The deviation between the
actual positions and the intended positions lies at at most 4
nm. The measurement accuracy of the position measurement
system lies at 0.5 nm. Here, the accuracy is provided, in
particular, by the precision and/or reproducibility, in particu-
lar the 30 uncertainty when determining the position data.

In accordance with one aspect of the invention, the actual
position data are established via the same position measure-
ment system as the adjustment marks are measured with for
aligning the substrate coordinate system.

In accordance with a further aspect of the invention, the
first marker structure and/or the second marker structure has
at least two, in particular at least three, in particular at least
four, in particular at least five elements to be measured.

This enables a so-called multipoint alignment. In the case
of more than three elements, the structure elements are, in
particular, not arranged along a common straight line. They
are preferably arranged distributed substantially over the
whole surface of the substrate.

The accuracy of the definition of the substrate coordinate
system and, in particular, the transformation for converting
the substrate coordinate system into the predetermined refer-
ence system can be improved by a larger number of structure
elements to be measured.

In accordance with a further aspect of the invention, an
optical method is provided for measuring the at least one first
marker structure and/or for determining the actual position
data of the second marker structure. In particular, an optical
method, in which illumination radiation with a wavelength in
the UV, VUV, DUV or EUV range is used, is provided.

The marker structure and/or the second marker structure
can, in particular, be measured using illumination radiation
with a wavelength of 193 nm. In respect of details, reference
is made, once again, to DE 10 2007 033 814 Al and WO
2008/071268 A1, which are integrated into the present appli-
cation as a component thereof.

In accordance with a further aspect of the invention, a
two-stage, in particular a multistage optical method is pro-
vided for measuring the at least one marker structure. Here, in
a first step, the arrangement of the at least one first marker
structure on the substrate is measured with an image field with
afirst area (A1) and, in a subsequent step, with an image field
with a second area (A2), wherein A2<A1 applies. By way of
example, the image field A1 has dimensions of a square with
an edge length of 1 mm, while the image field A2 e.g. has
dimensions of a square with an edge length of 20 pm. The
image field A2 can have a diameter in the range from 10 um
to 100 um, in particular of less than 50 pum, in particular ofless
than 30 um. The dimensions of the image fields are specified
in dimensions on the substrate.

In a first step, the arrangement of the at least one marker
structure on the substrate can be established using illumina-
tion radiation with a first wavelength A1. In the subsequent
step, the marker structure is measured using illumination
radiation with a second wavelength A2, wherein the second
wavelength A2 is shorter than the first wavelength Al.

In particular, the following applies: A2:A1<0.5, in particu-
lar A2:A1=0.3, in particular A2:A1=<0.2, in particular
A2:A1=0.1.

The arrangement of the first marker structure on the sub-
strate can, in particular, be performed using illumination
radiation in the visible wavelength range. The second wave-
length lies, in particular, in the UV, VUV, DUV or EUV range.
By way of example, the first wavelength is A1=500 nm, the
second wavelength is, for example, A2=193 nm.
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The positions are preferably measured at wavelengths
which are as short as possible in order to achieve a high
resolution and therefore a high accuracy of the measurement.

Here, this need not necessarily be a single wavelength in
each case. The illumination radiation can comprise wave-
lengths from a wavelength range.

Advantageously, provision is made for the accuracy with
which the arrangement of the at least one marker structure on
the substrate is determined in the first step to be better than the
diameter, in particular half of the diameter, of the image field
which is available in the subsequent step for measuring the
marker structure.

In the first step, the field of view can have a diameter in the
region of up to 1 mm, in particular of up to 10 mm, in
particular of up to 100 mm. It can advantageously be possible,
in particular, to arrange the whole substrate in the field of view
during the first step. This makes it easier to establish the
arrangement of all markers on the substrate.

In the subsequent step for measuring the marker structure,
the field of view can have a diameter in the range from 10 pm
to 100 um, in particular of less than 50 pum, in particular ofless
than 30 um.

A multistage method simplifies the automated measure-
ment of the marker structure.

In accordance with a further aspect of the invention, the
second marker structure has one or more structure elements.
The structure elements can be fiducial markers, scanner align-
ment marks, structures, to be imaged, of a lithography mask
or defects on a substrate for producing a lithography mask.

The second marker structure to be measured, in particular
structure elements, can be special, additional test structures.
However, it is advantageously also possible to measure the
structures to be imaged themselves, i.e. structures in the used
region of the lithography mask. In principle, additional test
structures can be dispensed with. As a result, valuable space
on the substrate can be saved.

In accordance with a further aspect of the invention, the
transformation is determined as a selection or combination of
a linear transformation, such as e.g. a rigid-body transforma-
tion, in particular a translation and/or a rotation and/or a
scaling and/or an orthogonal transformation. It is also pos-
sible to carry out higher-order transformations.

In accordance with one aspect of the invention, provision is
made for selecting the possible types of transformation from
a list of transformations. In particular, it is possible to prede-
termine boundary conditions for the transformation.

The transformation is, in particular, predetermined as a
function of the imaging possibilities of a given scanner. In this
case, the employed transformation corresponds to the trans-
formation which is performed when imaging the structures on
the wafer directly by the corresponding scanner.

This measure is advantageous in that the suitability of the
mask for the actual process of wafer exposure can be estab-
lished with increased accuracy.

In accordance with a further aspect of the invention, the
actual position data of the at least one second marker structure
in the substrate coordinate system is established in an auto-
mated manner.

In accordance with a further aspect of the invention, the at
least one second marker structure comprises the at least one
first marker structure. In particular, the first marker structure
can serve both for aligning the substrate relative to the posi-
tion measurement system and for establishing the transfor-
mation.

When establishing actual position data (IST) of the second
marker structure, actual position data (IST) of the at least one
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first marker structure are also established in the substrate
coordinate system (SKS) by way of this measure.

An advantage of this measure is that an application of the
method is made possible, even in cases where few marker
structures are present. In particular, when measuring EUV
mask blanks having four fiducial marks, two marks can serve
as first marker structures and all four fiducial marks can be
measured as second marker structures.

In accordance with a further aspect of the invention, the
first marker structure is embodied as an alignment mark of a
used structure of a lithography mask, wherein the second
marker structure is embodied as a scanner alignment mark of
the mask structure and wherein the substrate coordinate sys-
tem (SKS) is embodied as mask coordinate system.

This measure enables the measurement of a conventional
lithography mask. All marker structures are predetermined in
the mask design. When producing the lithography mask, the
mask structure is generated on the basis of the mask design on
the mask blank.

In accordance with a further aspect of the invention, the
method comprises the following step:

establishing at least one position in the region of the used

structure of the lithography mask in the mask coordinate
system.

This step comprises the measurement of the mask with a
position measurement system in order to establish the posi-
tion error. Special structure elements, which are referred to as
a “‘registration pattern” or as a “mark”, on a mask, such as e.g.
squares, crosses or angles with predetermined shapes, can be
measured and compared to the intended positions thereof. It is
also possible to measure positions of structure elements on
the mask, which structure elements are a part of the used
structures of the mask.

In accordance with a further aspect of the invention, the
method comprises the following steps:

measuring at least two used structures of two lithography

masks,

establishing the overlay of the at least two used structures.

This measure is advantageous in that the suitability of the
masks for the actual process of exposure of a wafer with
successive lithography masks can be established with
increased accuracy.

In accordance with a further aspect of the invention, the
method comprises the following step:

graphical rendering of the superposition of the at least two

used structures.

As aresult of the visual rendering, a quick intuitive assess-
ment of the quality of the measured lithography masks is
made possible.

In general, provision can be made for an overlay error to be
established from the measured actual position data ofthe used
structures, in particular after the transformation of the coor-
dinate system, in particular after a transformation of the
actual position data from different lithography masks into a
common coordinate system. Here it is possible, in particular,
to test whether the overlay satisfies specific, predetermined
requirements. In the case of a deviation from these predeter-
mined criteria, a corresponding signal, in particular a graphic
and/or acoustic signal, can be generated. This can simplify the
decision whether different lithography masks, or which
lithography masks, from a predetermined selection are used,
or at least can be used, for a multi-exposure of a wafer.

In accordance with a further aspect of the invention, the
first marker structure and the second marker structure are
embodied as fiducial marks of a mask blank and wherein the
substrate coordinate system (SKS) forms a mask blank coor-
dinate system.
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This measure enables the measurement of mask blanks, in
particular EUV mask blanks.

In accordance with a further aspect of the invention, the
positions of the defects, to be measured, of the mask blank are
predetermined in a defect data record.

A measurement of the whole area of the substrate using the
position measurement system is very time-consuming.
Therefore, the defects of a substrate can be established in a
preceding step using a faster, but also less precise method.
The defects established thus and the positions thereof form
the defect data record. These positions can be directly
approached and measured, in particular measured more pre-
cisely, by the position measurement system.

In accordance with a further aspect of the invention, the
method comprises the following step:

measuring the positions of defects of the mask blank using

the position measurement system.

Using this measure, the highly precise establishment of
defects is made possible. The positions of the defects can be
established via the position measurement system, in particu-
lar with an accuracy of better than 3 nm, in particular better
than 1 nm, in particular better than 0.5 nm.

In accordance with a further aspect of the invention, the
actual positions of the measured defects are stored in a sub-
strate map. The substrate map is, in particular, a data record,
which is stored in a storage unit of the position measurement
system or in an external storage.

In accordance with a further aspect of the invention, a
position of the used structure on the mask blank is established
such that as many defects of the substrate map as possible are
covered by the used structure in such a way that these have no
influence, or the smallest possible influence, on the imaging
properties of the completed lithography mask when illumi-
nating same using illumination radiation of an intended wave-
length.

As aresult of the highly accurate specification of the actual
positions of the defects, the alignment of the used structure
can be more precise than would have been possible on the
basis of the original defect data record. As a result, it may be
possible to use EUV mask blanks which were unusable with-
out applying this measure.

If it is not possible for all defects of a mask blank to be
covered by the absorber, a check is to be carried out as to
whether the defects which are not covered, or the defects
which are still interfering during the imaging, can be repaired.
If this is not the case, the mask blank cannot be used for
producing a lithography mask with the used structure that was
checked. A check for a different used structure can be carried
out.

In particular, provision can be made for predetermining
different used structures, i.e. used structures with different
designs, and for examining a specific mask blank in respect of
whether the above-described alignment of at least one of
these used structures is possible on the basis of an established
defect data record. If none of the used structures can accord-
ingly be arranged on the mask blank, in particular not even
when taking into account possible repairs of interfering
defects, the mask blank must be discarded. As a result of this
itis possible, firstly, to reduce the number of rejects of unused
mask blanks and, secondly, in this manner, to discard an
unusable mask blank before producing a faulty lithography
mask. This leads to time and costs being saved.

The position data of the used structure can be established
by a computer-assisted optimization method.
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In accordance with a further aspect of the invention, the
method comprises the following step:

graphical rendering of the superposition of the defects of

the substrate map and the mask structure or the used
structure.

As aresult of this measure, a quick visual assessment of the
usability of a mask blank for a structure is made possible. In
general, provision can be made for defining a parameter
which specifies a measure for how well the defects of the
mask blank can be covered by a given used structure. In the
process, it is possible, in particular, to establish a maximum
error and/or an averaged error and/or an error integrated over
the whole mask blank. Thereupon it is possible to generate a
signal, in particular a visual and/or an acoustic signal, as a
function of this parameter value or these parameter values.
From this signal, a user can easily assess and identify
whether, and in particular how well, the defects of a given
mask blank are coverable by a specific used structure.

A further object of the invention consists of providing a
position measurement system for carrying out the method in
accordance with the preceding description.

This object is achieved by features of a position measure-
ment system disclosed herein. The advantages emerge from
those described for the method.

Preferably, the position measurement system renders it
possible to measure the marker structure with illumination
radiation in the visible range and with illumination radiation
in the UV, VUV, DUV or EUV range.

In particular, illumination radiation in the UV, VUV, DUV
or EUV range is provided for establishing the actual position
data in the substrate coordinate system with the greatest mea-
surement accuracy.

A further application of the invention consists of improv-
ing a method for producing a microstructured or nanostruc-
tured component.

In particular, it is possible via the method according to the
invention to arrange a lithography mask very precisely in the
projection exposure apparatus, in particular in the object field
of same. It can therefore be imaged very precisely on the
wafer.

The increased precision of the arrangement of the lithog-
raphy mask in the beam path of the projection exposure
apparatus renders it possible to improve the precision of the
structures on the wafer.

For the purposes of precisely arranging the lithography
mask, the substrate embodied as a lithography mask is ini-
tially measured according to the method in accordance with
the preceding description. Thereupon, the substrate is
arranged and/or aligned in an object field of the projection
exposure apparatus as a function of the established position of
the marker structure and/or the actual position data of the
second marker structure.

As a result of the reference to the precisely measured
structures, the precision of the arrangement of the lithography
mask can be substantially improved. In particular, the lithog-
raphy mask is arranged in the object field of the projection
exposure apparatus with a precision of better than 100 nm, in
particular better than 50 nm, in particular better than 30 nm, in
particular better than 20 nm, in particular better than 10 nm, in
particular better than 5 nm, in particular better than 3 nm, in
particular better than 2 nm, in particular better than 1 nm. In
particular, the lithography mask is arranged in such a way that
the structures to be imaged are arranged with such a precision
in the beam path of the projection exposure apparatus.

The projection exposure apparatus is, in particular, one for
DUV or EUV lithography. In these, the highly precise
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arrangement of the lithography mask, in particular with a
precision in the nanometer range or sub-nanometer range, is
particularly important.

In the production of semiconductors, provision is made for
exposing the wafer at least twice, in particular a number of
times, in particular at least three times, in particular at least
five times, in particular at least eight times, in particular at
least twelve times, in particular at least twenty times, in
particular at least thirty times, in particular at least forty times,
in particular at least fifty times. Here, a different lithography
mask can in each case be provided for each exposure. It is also
possible to use the same lithography mask a number of times.

The superposition of a plurality of structures on the wafer
is also referred to as overlaying or multiple patterning, in
particular double patterning. In particular, provision can be
made for exposing the wafer a number of times, in particular
two times or more, between two successive etching steps. As
a result of this, the structure density of the structures on the
wafer, in particular of the structures in a single layer on the
wafer, can be increased. A highly precise arrangement of the
lithography masks in accordance with the preceding descrip-
tion is an essential precondition for such an overlay. Here, a
precision in the nanometer/sub-nanometer range is required,
especially in the DUV and/or EUV range.

In accordance with one aspect of the invention, the trans-
formation of the substrate coordinate system is selected in
accordance with a correction which can be carried out via the
projection exposure apparatus when imaging the object field
into the image field.

Using this, it is possible to predict and/or simulate the
behavior of a scanner. In particular, it is possible to predict, in
particular simulate, whether, or how well, a given selection of
lithography masks with specific used structures can be used
by a predetermined scan for multiple exposure, in particular
for overlay and/or multiple patterning, in particular double
patterning.

A further object of the invention consists of improving a
method for producing a lithography mask.

This object is achieved by a method in which, initially, the
actual positions of the defects, which are always present on a
substrate for producing a lithography mask, are established
very precisely in accordance with the method described
above and, thereupon, a structure for the lithography mask to
be imaged is selected and/or arranged on the substrate,
wherein the structure to be imaged is selected and/or arranged
on the substrate as a function of the actual positions of the
defects.

The arrangement of the structure of the lithography mask to
be imaged relative to the defects on the substrate, which
serves to produce the lithography mask and which is also
referred to as a mask blank, has a decisive influence on the
effect of the defects on the properties of the completed mask.
In particular, it is possible to select the structure to be imaged
and/or arrange the latter on the substrate in such a way that at
least some of the defects, preferably all of the defects, are
covered by the structure in such a way that they have no
influence on the imaging properties of the completed lithog-
raphy mask when illuminating same with illumination radia-
tion with the provided wavelength.

In order to be able to adapt the selection and/or arrange-
ment of the structure to be imaged to the defects to the best
possible extent, knowledge about the precise location and the
precise dimensions of the defects is essential. Although the
defects and the positions thereof on the mask blank are usu-
ally provided by the mask blank producer as an alignment
data record, the data record however usually only has an
accuracy of approximately 100 nm. It was recognized that the
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method described above can advantageously be used for mea-
suring the defects in a highly precise manner. As a result of
this, the method for producing the lithography mask is sub-
stantially improved.

Further details and particulars of the invention and advan-
tages of same emerge from the following description of exem-
plary embodiments on the basis of the figures. In detail:

FIG. 1 schematically shows the setup of a position mea-
surement system for inspecting substrates,

FIG. 2 schematically shows the beam path in a position
measurement system for inspecting substrates,

FIG. 3 schematically shows the basic setup of a substrate
for an EUV mask,

FIG. 4 shows a sectional magnification of the region IV of
the cross section of the substrate in accordance with FIG. 3,

FIG. 5 shows a schematic image of the structure of a
lithography mask,

FIG. 6 schematically shows the general course of a method
for measuring a lithography mask, and

FIG. 7 schematically shows the general course of a method
for measuring a mask blank for producing a lithography
mask.

In the following, the general setup of a position measure-
ment system 1 for inspecting substrates, in particular for
measuring substrates, in particular for measuring structures
of lithography masks and/or localizing and/or measuring
defects on substrates 2, in particular on substrates for produc-
ing lithography masks, in particular DUV or EUV masks is
initially described with reference to FIG. 1. The position
measurement system 1 is also referred to as “prove tool”. In
respect of the general setup of the position measurement
system 1, reference is also made to DE 10 2007 033 814 A1,
WO 2008/071268 Al and G. Klose et al., “High-resolution
and high-precision pattern placement metrology for the 45
nm node and beyond” (EMLC 2008). Herewith, these three
documents are integrated into the present application as a
component thereof.

The position measurement system 1 comprises an illumi-
nation device 3. In FIG. 1, two illumination devices 3 are
depicted, with the upper illumination device 3 serving for
illuminating the substrate 2 in the reflection mode. The lower
illumination device 3 serves to illuminate the substrate 2 in
the transmission mode. The position measurement system 1
comprises at least one of these two illumination devices 3. It
can also comprise both illumination devices 3. As a result of
this, the flexibility of the position measurement system 1 can
be increased. Two different illumination devices 3 render it
possible to use the position measurement system 1 for mea-
suring the substrates in transmission or reflection.

The illumination device 3 comprises a radiation source 4.
The radiation source 4 can, in particular, be a laser, in par-
ticular an ArF laser. The radiation source 4 serves to generate
illumination radiation 5. The illumination radiation 5 has a
wavelength of 193 nm.

Alternative radiation sources 4, which generate illumina-
tion radiation 5 with different wavelengths or in a different
wavelength range, are likewise possible.

The illumination device 3 can be a component of an illu-
mination system 7 with further optical components. The illu-
mination system 7 can, in particular, have lens elements 6
and/or mirrors and/or filters and/or stops.

FIG. 2 schematically depicts the beam path of the illumi-
nation radiation 5 in the position measurement system 1. The
lens element 6 depicted in FIG. 2 should be understood to be
exemplary. This component can also be a plurality of lens
elements and/or one or more mirrors.
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Moreover, the position measurement system 1 comprises
imaging optics 9. The imaging optics 9 have an object-side
numerical aperture of 0.8. The imaging optics 9 are also
referred to as projection optics.

Magnification optics 10 are arranged in the beam path
downstream of the imaging optics 9.

The imaging optics 9 and the magnification optics 10 can
be components of phase contrast optics.

The overall magnification of the imaging optics 9 and of
the magnification optics 10 is 265:1. A different imaging
scale is likewise possible.

The position measurement system 1 furthermore com-
prises a sensor device. The sensor device is, in particular,
embodied as a camera, in particular as a CCD camera 14. An
image 15 of the substrate 2 to be examined is recordable via
the CCD camera 14. In particular, an image stack of the
substrate 2 with at least two images with different defocus is
recordable via the CCD camera 14. The image field of the
substrate to be imaged, which is imaged on the sensor device,
has the dimensions of a square with an edge length of 20 um,
as measured on the substrate.

The CCD camera 14 is connected to an image processing
device 16 in a data-transmitting manner.

Moreover, the position measurement system 1 comprises a
holding system 17. The holding system 17 (also referred to as
stage, object table or displacement unit) serves to position the
substrate 2 in the beam path of the inspection system 1. The
holding system 17 is actively controllable. It is in particular
precisely displaceable. It has six degrees of displacement
freedom. In particular, an interferometer device 18 is pro-
vided for determining the location and/or alignment of the
holding system 17.

Moreover, the position measurement system 1 comprises
auxiliary optics 21. The auxiliary optics 21 are connected to a
control device 22 for controlling the displacement of the
holding system 17 in a data-transmitting manner. The image
field of the substrate of the auxiliary optics 21 to be imaged on
the sensor device has the dimensions of a square with an edge
length of 1 mm, as measured on the substrate. The substrate 2
can be roughly aligned via the auxiliary optics 21.

Moreover, the position measurement system 1 comprises
anautofocus system 23. Moreover, one or more beam splitters
24 can be provided in the beam path with the position mea-
surement system 1.

Moreover, the position measurement system 1 can have an
interferometer unit, in particular in the form of an etalon,
which is not depicted in the figures. The etalon serves to
monitor the wavelength of the illumination radiation 5. With
the aid of the etalon it is possible to correct changes in the
wavelength, which may occur e.g. on account of pressure,
temperature or moisture variations.

In order to measure the position of a structure or defect, an
aerial image of a portion of a lithography mask or of a sub-
strate is recorded via the position measurement system. Here,
the lithography mask or the mask blank lies on the holding
system, which permits a displacement of the mask in the
direction of'the mask plane, in order to enable the positioning
of a desired portion in the image field of the position mea-
surement system for the purposes of recording the image
using the detector. The holding system is aligned in the
machine coordinate system of the position measurement sys-
tem 1. The position is established and the substrate is aligned
with the aid of the at least one first marker structure. Here, two
alignment marks are present in the case of conventional
lithography masks. In the case of mask blanks, two of four
fiducial marks are used. The substrate coordinate system
(SKS) is aligned with the aid of the positions of the first
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marker structure in the machine coordinate system. For the
purposes of measuring an actual position of a structure, in
particular a used structure 41, the lithography mask is dis-
placed by the holding system in such a way that the intended
position of the structure to be measured lies in the image field,
in particular at the center point of the image field, of the
position measurement system. Then, an aerial image of the
structure is recorded by the detector. A deviation between the
actual position and the intended position is established by
evaluating the aerial image.

It is initially impossible to establish the position if the
deviation between the actual position and the intended posi-
tion is so great that the structure to be measured does not come
to rest within the image field of the position measurement
system when positioning the lithography mask or the mask
blank.

In a first alternative, the structure to be measured is
searched for by moving the substrate. Here, the image field of
the intended position is initially circumnavigated, with aerial
images being recorded of all parts of the region. Then, the
previously searched region is circumnavigated. This is con-
tinued until the structure is found. This method is also referred
to as a spiral search. The method can occur automatically in a
manner controlled by the image processing device 16 if the
structure to be measured is predetermined.

In a second alternative, the structure to be measured is
searched for with the aid of the auxiliary optics 21. In the case
of an initially unchanged position of the substrate, a larger
region of the substrate is imaged on the sensor unit via the
auxiliary optics 21. The substrate is aligned by displacing the
holding system in such a way that the structure to be measured
comes to rest in the center of the image field.

Below, a first alternative for the substrate 2 to be examined
is described in more detail with reference to FIGS. 3 and 4.
The substrate 2 depicted in FIG. 3 is a substrate 2 for produc-
ing a lithography mask, in particular for EUV lithography.

The substrate 2 comprises a base substrate 25. The base
substrate 25 is made of a material with a low coefficient of
thermal expansion (LTEM material; low thermal expansion
material substrate). Here, in particular, this can be quartz or a
so-called ULE glass (ultra low expansion glass). The sub-
strate has a length 1 and a width w. By way of example, the
length 1 and the width w are 152 mm. Other dimensions of the
substrate 2 are likewise possible. The base substrate 25 has a
thickness d. The thickness d of the substrate 2 can be 6.35
mm. Other thicknesses are likewise possible.

A multilayer 26 is applied to the base substrate 25. The
multilayer 26 comprises a sequence of at least 10, in particu-
lar 20, in particular 30, in particular 40, in particular 50
silicon/molybdenum bilayers. The number of silicon/molyb-
denum bilayers is, in particular, less than 200, in particular
less than 100. In particular, it can be less than 80, in particular
less than 70, in particular less than 60. Here, each bilayer has
a silicon layer with a strength of 4.1 nm and a molybdenum
layer with a strength of 2.8 nm. The multilayer 26 serves, in
particular, to reflect EUV radiation. A capping layer 27 is
applied to the multilayer 26. The capping layer 27 can be
made of ruthenium. It has a thickness of 2.5 nm.

An absorber layer 28 is applied to the capping layer 27. In
particular, the absorber layer 28 can have materials with a
component of a tantalum nitride compound, in particular
tantalum nitride, tantalum boron nitride or tantalum silicon
nitride.

The absorber layer 28 has a thickness in the range from 44
to 108 nm.

An antireflective coating 29 (ARC) is applied to the
absorber layer 28. The antireflection layer 29 can consist of
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the same base material as the absorber layer 28. There usually
is an oxygen gradient between the absorber layer 28 and the
antireflection layer 29 such that the oxygen component of the
antireflection layer 29 is higher than that of the absorber layer
28. In particular, the antireflection layer 29 can have a com-
ponent of tantalum oxynitride.

Finally, a rear side layer 30 is applied to the rear side of the
base substrate 25, i.e. to the side of the base substrate 25
opposite to the multilayer 26. The rear side layer 30 is made
of an electrically conductive material. In particular, this can
be a coating made of chromium. The rear side layer 30 has a
thickness in the range from 20 to 200 nm.

The totality of the layers 25 to 30 is also referred to as a
mask blank, in particular as an EUV blank. The mask blank
forms the substrate 2 for producing an EUV mask.

It was determined that, in particular, the boundary layer
between the base substrate 25 and the multilayer 26 is deci-
sive for the quality of the EUV mask produced from the
substrate 2. It is assumed that more than 90% of defects 31 of
the subsequent EUV masks originate from this boundary
layer. Such defects 31 can lead to the lithography mask pro-
duced from the substrate 2 no longer being used for structur-
ing a wafer.

Furthermore, it was determined that the defects 31 on the
surface of the base substrate 25 are covered when the multi-
layer 26 is deposited. However, they are visible as a phase
defect. They are visible as a phase defect, in particular when
irradiating the mask with EUV radiation, in particular in the
reflected portion of the EUV radiation.

For elucidation purposes, FIG. 4 depicts how one of the
defects 31 leads to a so-called bump defect, i.e. an elevation,
in the multilayer 26. The defect can also lead to a depression
in the multilayer 26. In this case, it is also referred to as a pit
defect. In general, a defect 31 leads to a deviation of the
surface of the base substrate and/or the multilayer 26 from a
perfect planar embodiment.

The defects 31 can be very flat. They can have a height of
less than 1 nm. In particular, the height of the defects 31 lies
in the range from 0.5 nm to 10 nm.

According to the invention, it was identified that a critical
defect 31, i.e. a defect 31 which is large enough to possibly
have a disadvantageous effect on the structuring of a wafer,
must firstly be identified and secondly be repaired or com-
pensated for.

For defects 31 which occur at the boundary between the
base substrate 25 and the multilayer 26, or which occur within
the multilayer 26, conventional strategies, which machine the
surface of the substrate 2, are not suitable for repair or com-
pensation purposes. According to the invention, provision is
made for hiding such defects 31 under the absorber layer 28.
To this end, provision is made to select and/or align the
structure via which the substrate 2 is intended to be structured
in such a way that the defects 31 on the substrate 2 are covered
by the absorber layer 28, even after application of the struc-
ture.

To this end, it is necessary to establish the precise position
of the defects 31 on the substrate 2 and the dimensions
thereof.

According to the invention, provision is made for estab-
lishing the position of the defects 31 on the substrate 2 via a
measurement with the position measurement system 1, in
particular relative to measurement marks 32 (fiducial marks),
which are applied to the substrate 2, in particular in a stan-
dardized manner, in particular in accordance with the SEMI-
P48 standard.

Measuring the whole area of substrates using the position
measurement system 1 is very time-consuming. Therefore,
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the defects 31 of a substrate 2 are established in a preceding
step with a faster, but also less accurate method. By way of
example, the defects 31 are measured using a so-called ABI
tool (actinic full-field mask blank inspection tool). Such a
system was developed by MIRAI-Semiconductor Leading
Edge Technologies. Details in respect of the method and the
instrument are disclosed, for example, in the publications:
“Fiducial Mark requirements from the viewpoints of Actinic
Blank Inspection tool for phase defect mitigation on EUVL
Mask”, Proc SPIE volume 8522 and “Actinic Mask Blank
Inspection and Signal Analysis for Detecting Phase Defects
Down to 1.5 nm in Height”, Japanese Journal of Applied
Physics 48, 2009.

The positions of defects measured thus are provided in a
defect data record. An accurate measurement using the posi-
tion measurement system 1 then takes place at the positions
which are predetermined in the defect data record.

Ifthe positions of all defects 31 of a substrate 2 are known,
it is possible to generate a substrate map including these
positions. Subsequently, the mask design can be adapted to
this map, in particular by a linear displacement and/or a
rotation of the design, in such a way that at least a portion of
the defects 31 are covered by the absorber layer 28. In par-
ticular, it is possible to adapt the mask design in such a way
that at least 50%, in particular at least 70%, in particular at
least 80%, in particular at least 90%, in particular at least
95%, in particular at least 99%, in particular all, of the critical
defects 31 are covered by the absorber layer 28. In particular,
the defects 31 are covered by the absorber layer 28 to at least
such an extent that they no longer have a disadvantageous
effect on the structuring of a wafer. If this should not be
possible, the substrate 2 can be dispensed with.

In the following, the general structure of a lithography
mask 33 is described with reference to FIG. 5. The lithogra-
phy mask 33 can, in particular, be a DUV mask or EUV mask.
The lithography mask 33 can have a transmissive or reflective
embodiment.

The lithography mask 33 comprises the structure described
for the mask blank, in particular the base substrate 25 with the
multilayer 26 and further layers 27 to 30.

First adjustment markers 34 are arranged on the lithogra-
phy mask 33. The markers are also referred to as alignment
marks. In general, these are part of a first marker structure or
form the latter.

The first adjustment markers 34 are arranged at predeter-
mined positions on the lithography mask 33. The positions of
the first adjustment markers 34 are predetermined, in particu-
lar, with an accuracy in the range of 1 pm to 100 um, in
particular with an accuracy of the order of 10 um. In particu-
lar, these are predetermined with an accuracy such that these
can be reliably arranged in the image field of the position
measurement system 1 for the first measuring step 44. By way
of example, the image field of the position measurement
system 1 has dimensions of 25 pmx25 pm.

Ifthe arrangement of the first adjustment markers 34 is not
known a priori, it can initially be established with the aid of
the auxiliary optics 21. In particular, the position of the first
adjustment markers 34 can be established using illumination
radiation in the visible range. To this end, use can be made of
an automated search method. The auxiliary optics 21 can be
adjusted in such a way that the adjustment markers 34 also
reliably lie in the image field of the position measurement
system 1 in the case of a centered arrangement in the image
field of the auxiliary optics 21.

The aforementioned spiral search can also serve to estab-
lish the position of the adjustment markers 34.
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In particular, the lithography mask 33 has two first adjust-
ment markers 34. It can also have more than two, in particular
at least three, in particular at least four, first adjustment mark-
ers 34.

Differentregions 35, 36, 37, 38 with further markers can be
provided on the lithography mask 33. The markers can be
machine-readable markers or markers which are readable, in
particular visually readable, by the user of the lithography
mask 33.

Moreover, second adjustment markers 39 are arranged on
the lithography mask 33. Four second adjustment markers 39
are provided in the lithography mask 33 depicted in FIG. 5. In
particular, they are arranged in such a way that they span a
rectangular region 40, in which a used structure 41 of the
lithography mask 33 is arranged. In FIG. 5, the used structure
41 is only depicted in sections in a region 41a. In particular, it
is not depicted true to scale in FIG. 5.

In particular, the second adjustment markers 39 can be
markers for aligning the scanner, so called scanner alignment
marks.

In particular, the second markers 39 can also comprise a
plurality of markers which, in particular, are arranged on the
lithography mask 33 in a predetermined pattern, in particular
in a grid, in particular in a two-dimensional grid, in particular
in a two-dimensional regular grid, i.e. in a two-dimensional
grid with a constant, identical distance between adjacent
markers. In particular, these markers can be arranged on the
lithography mask in a Cartesian grid, i.e. in lines and columns
extending perpendicular to one another. They can also be
arranged in a triangular or hexagonal grid on the lithography
mask 33.

A plurality of the second adjustment markers 39 can advan-
tageously be used in the determination of the transformation
T, in particular for determining higher-order corrections.

A region 42 for arranging and/or fastening a pellicle is
provided around the region 40 with the used structure 41.

Below, a method for measuring and/or aligning the lithog-
raphy mask 33 is described with reference to FIG. 6.

Initially, two or more of the first adjustment markers 34 are
measured in a first measurement step 44. In particular, the
marker structure is measured in the first measurement step 44.
The first adjustment markers 34 are measured in a machine
coordinate system of the position measurement system 1. The
first measurement step 44 serves, in particular, to align a
substrate coordinate system SKS provided by the adjustment
system. The first measurement step 44 is therefore also
referred to as alignment or adjustment step. In particular, the
substrate coordinate system SKS is aligned, i.e. adjusted,
relative to the coordinate system of the position measurement
system 1 in the first measurement step 44. This subsequently
renders it possible to measure positions in the substrate coor-
dinate system SKS very precisely with the aid of the position
measurement system 1.

The alignment data record AL with intended position data
POS of a second marker structure is provided in a provision or
prescription step 45. The second marker structure can com-
prise the second adjustment markers 39 and/or the used struc-
ture 41.

The alignment data record is also referred to as alignment
layer (AL). Here, this is a logical layer, in which the intended
position data of the second marker structure are predeter-
mined. Any markers, generally structures or partial struc-
tures, and the intended positions thereof can be predeter-
mined in the alignment layer. In particular, the intended
positions are predetermined in the substrate coordinate sys-
tem SKS as a reference system.
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The actual position data IST of the second marker structure
is established in the substrate coordinate system SKS in a
second measurement step 46. The position measurement sys-
tem 1 in particular serves to establish the actual position data
IST. In particular, the first measurement step 44 and the sec-
ond measurement step 46 can be performed in the same
position measurement system 1.

The actual position data IST are determined with an accu-
racy that is better than 100 nm, in particular better than 10 nm,
in particular better than 1 nm. This is more precise than the
accuracy of the intended position data by at least a factor of 2,
in particular at least a factor of 5, in particular at least a factor
of 10.

According to the invention, what was discovered is that the
actual position data IST often do not, or at least not com-
pletely, correspond with the intended position data POS. By
way of example, this can be traced back to inaccuracies when
determining the intended position data POS, a drift of the
substrate in the position measurement system 1, a deforma-
tion of the substrate, in particular due to thermal effects or
other factors.

In order to reduce deviations between the actual position
data IST and the intended position data POS, provision is
made for an adjustment method 47. A transformation T for
converting the substrate coordinate system SKS into a trans-
formed substrate coordinate system tSKS is established in the
adjustment method 47. In particular, a so-called multi-point
alignment serves to this end.

The transformation T is, in particular, a rigid body trans-
formation, in particular a translation and/or rotation.

In particular, provision is made for transforming the sub-
strate coordinate system SKS. The substrate coordinate sys-
tem SKS is, in particular, transformed in such a way that there
is the best possible correspondence between the actual posi-
tion data IST in the transformed substrate coordinate system
tSKS and the intended position data POS in the predeter-
mined reference system, namely the substrate coordinate sys-
tem SKS.

The transformation T is established, in particular, by algo-
rithm, particularly in a computer-aided manner. In order to
determine the transformation T, provision can be made, in
particular, for an iterative method or correlation method. The
transformation T can also be simulated.

In particular, the transformation T is established in such a
way that the deviations between the actual position data IST
and the intended position data POS are reduced. Here it is
possible, in particular, to define a parameter which quantifies
the deviations between the actual position data IST and the
intended position data POS. In particular, the maximum
deviation between the actual position data IST and the
intended position data POS and/or the mean deviation and/or
a sum of all deviations can be included in this parameter.

When the transformation T is established, it is possible to
predetermine as a boundary condition that this parameter is at
least reduced to a predetermined, maximum admissible
value. Should this not be possible, provision can be made for
generating an appropriate signal, in particular a visual and/or
acoustic signal.

Provision can also be made for minimizing this parameter.

In accordance with an advantageous embodiment, the
transformation T can additionally comprise higher-order cor-
rections in addition to a portion of a rigid-body transforma-
tion. In particular, the transformation T can comprise a por-
tion of a scaling and/or an orthogonal transformation. A
higher-order transformation can also be comprised.

In particular, the transformation T can comprise a compo-
nent which corresponds to corrections which can be under-
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taken by a given projection exposure apparatus when expos-
ing a wafer, in particular when imaging a reticle in the object
field onto a wafer in the image field.

Below, a method for measuring a substrate in the form of a
mask blank 2 for producing a lithography mask is described
with reference to FIG. 7. In terms of essential method steps,
the method corresponds to the method depicted in FIG. 6,
with reference to the description thereof being made here-
with. Corresponding method steps are denoted by the same
reference signs as in the method described above.

In the case of measuring a mask blank 2, it is initially
necessary to localize the measurement marks 32—the fidu-
cial marks—on the mask blank 2. To this end, a localization
step 48 is provided. The measurement marks 32 are usually
arranged on the mask blank 2 with an accuracy in the range
from 50 um to 500 um. The auxiliary optics 21, which, in
particular, operates using illumination radiation in the visible
range, can serve to localize the measurement marks 32.

In the first measurement step 44, the measurement marks
32 (fiducial marks) are measured in the case of the mask blank
2. Here, the measurement marks 32 serve as first adjustment
marks 34, in particular as a first marker structure 34. In
particular, provision is made for using two of the measure-
ment marks 32 as first adjustment marks 34, in particular as
first marker structure 34.

Thereupon, as in the method described above, the reference
coordinate system SKS is defined as a function of the refer-
ence data BEZ established from the measurement marks 32.

An alignment data record (alignment layer, AL) with
intended position data POS is once again predetermined in
the prescription step 45. In particular, the intended position
data POS of the further two measurement marks 32 are pre-
determined.

Inprinciple, it is also possible for the intended position data
of'the already measured first two measurement marks 32 to be
predetermined. This can, in particular, once again serve to
determine and/or correct a possible displacement (drift) or
deformation of the mask blank 2.

In the second measurement step 46, the actual position data
IST of the measurement marks 32, the intended position data
POS of which are predetermined in the alignment data record,
are measured in the substrate coordinate system SKS.

Thereupon, the transformation T for converting the sub-
strate coordinate system SKS into the transformed coordinate
system tSKS is once again established in the adjustment
method 47. This is brought about in a manner corresponding
to the method described above.

Moreover, the positions of the defects 31 can be established
in the transformed substrate coordinate system tSKS in a
further measurement step 49. In principle, the further mea-
surement step 49 can be carried out together with the second
measurement step 46.

The positions of the defects 31 are only known with little
accuracy or only with a large uncertainty prior to the further
measurement step 49. In the measurement step 49, the posi-
tions of individual defects 31, in particular of all defects, are
measured with an accuracy of better than 100 nm, in particu-
lar better than 50 nm, in particular better than 30 nm, in
particular better than 20 nm, in particular better than 10 nm, in
particular better than 5 nm, in particular better than 3 nm, in
particular better than 2 nm, in particular better than 1 nm, in
particular better than 0.5 nm.

As aresult of the positions of the defects 31 then known in
more detail, it is possible to more accurately predict which
ones of the defects 31 can be hidden under a predetermined
used structure 41.
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In accordance with one aspect of the invention, provision is
made, in particular, for the used structure 41 to be applied to
the mask blank 2 to be selected and/or be arranged on the
mask blank 2 as a function of the actual position data IST of
the defects 31 established with high accuracy.

The selection and/or optimized arrangement of the used
structure 41 on the mask blank 2 as a function of the actual
position data of the defects 31 can take place in particular in
a computer-aided manner, in particular automatically.

Here it is also possible to subject the used structure 41 to a
transformation before the application on the mask blank 2. In
particular, the transformation can be selected as a function of
the transformation T determined by the adjustment method
47.

It is possible for the used structure 41 itself to define a
coordinate system or to be defined in a specific, predeter-
mined coordinate system. In this case, a correlation between
the substrate coordinate system SKS and the coordinate sys-
tem associated with the used structure 41 can be established in
a correlation step 50. Subsequently, the coordinates of the
defects 31 can be established in the coordinate system of the
used structure 41 in a further step 51. This is helpful, in
particular, to predict which ones of the defects 31 can be
hidden under the used structure 41. Since the corresponding
defects 31 possibly need not be repaired, the production of the
lithography mask can be simplified hereby. Via a suitable
selection and/or arrangement of the used structure 41 on the
mask blank 2, it is possible, in particular, also to prevent this
mask blank 2 or the lithography mask produced therefrom
from having to be discarded. Therefore, the yield in the pro-
duction of lithography masks can be improved by the method
according to the invention.

Further aspects of the invention are outlined below.

The precise measurement and/or alignment of the lithog-
raphy mask or the mask blank 2 is essential, particularly in
view of the multiple exposure of a wafer. A multiple exposure
of'the wafer is made possible as a result of the precision of the
actual position data IST in the substrate coordinate system
SKS achieved in the second measurement step 46. In respect
to the required overlay specifications, reference is made to G.
Klose et al., “High-resolution and high-precision pattern
placement metrology for the 45 nm node and beyond”
(EMLC 2008). The wafer can be exposed a number of times.
Here, different lithography masks can be used in each case. It
is also possible to use one or more of the lithography masks a
number of times. The precision of the knowledge of the actual
position data IST of the used structure 41 plays a central role,
particularly in the case of multiple use of one and the same
lithography mask.

In particular, it is possible to expose the wafer a number of
times, in particular two times or more, between two succes-
sive etching steps. This is also referred to as multiple pattern-
ing, in particular as double patterning. As a result of this, the
structure density on the wafer, in particular the structure
density within a single layer on the wafer, can be increased.

The first measurement step 44 can be carried out in an
automated manner. In particular, it enables the automatic
measurement of the marker structure, which is embodied as a
first adjustment marker 34. The substrate coordinate system
SKS can be aligned more precisely by a greater number of
first adjustment markers 34. The second measurement step 46
can be carried out in an automated manner. It enables, in
particular, the automatic measurement of the second adjust-
ment markers 39. Determining the transformation T is
improved and/or simplified by a greater number of second
adjustment markers 39.
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The precise knowledge of the position data of the defects
31 on the mask blank 2 is an essential precondition for being
able, as a function of the defects 31, to select the used struc-
ture 41 to be applied to the mask blank 2 in an optimized
manner and/or to arrange the latter on the mask blank 2. This
is particularly advantageous if the defects 31 are multilayer
defects, which are also referred to as phase defects and which
cannot be, in particular cannot be easily, compensated or
corrected.

Until now, the positions of the fiducial marks, serving as
measurement marks 32, on the mask blanks 2 for producing
lithography masks, in particular for producing DUV or EUV
lithography masks, have not been known well enough to meet
these requirements. The required accuracy and/or reproduc-
ibility and/or uncertainty (30) are achieved by the measure-
ment according to the invention of the fiducial marks serving
as first adjustment marks 34 and the alignment of the substrate
coordinate system SKS made possible as a result.

The method according to the invention enables the auto-
matic measurement of the adjustment markers 34. This is also
referred to as second-level alignment. The method further-
more enables an automatic conversion of the measured posi-
tions into the substrate coordinate system SKS, which is
defined by the first adjustment markers 34 in the second-level
alignment. As a result of this, the contributions of the mask, in
particular the contributions of the used structure 41, to the
overlay error can be determined in an automatic and precise
manner. In particular, the contributions of the mask, in par-
ticular the contributions of the used structure 41, to the over-
lay error can be simulated. As a result, it is possible, in
particular, to determine whether a lithography mask, or which
lithography masks, can be used for exposing the wafer priorto
the actual exposure thereof.

The automatic measurement of the alignment marks or the
fiducial marks in the position measurement system 1 enables
the automatic alignment and/or adjustment of the substrate
coordinate system SKS relative to the machine coordinate
system of the position measurement system. All further steps
of the mask production, in particular treatment and/or com-
pensation of the defects 31, can be performed in the substrate
coordinate system SKS as a reference coordinate system.

All measurements of the markers 34, 39 or the defects 31 or
the used structure 41 can be brought about in an automated
manner via the position measurement system 1. In particular,
these can be brought about with an accuracy of better than 100
nm, in particular better than 50 nm, in particular better than 30
nm, in particular better than 20 nm, in particular better than 10
nm, in particular better than 5 nm, in particular better than 3
nm, in particular better than 2 nm, in particular better than 1
nm, in particular better than 0.5 nm.

Moreover, there can be an automatic transformation of the
substrate coordinate system SKS. In particular, this can be
performed in a computer-aided manner. The transformation
of the substrate coordinate system SKS renders it possible to
make the overlay error directly visible in the case of an
overlay of different lithography masks.

The structure of the alignment data record (alignment
layer, AL) can be standardized. In particular, it can be stan-
dardized for a specific type of lithography mask and/or for a
specific projection exposure apparatus. In particular, provi-
sion can be made for the alignment layer to be standardized
for each lithography mask which is produced for a specific
projection exposure apparatus. This renders it possible to
copy the alignment layer. This, firstly, improves the arrange-
ment and/or alignment of the lithography masks in the pro-
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jection exposure apparatus and, secondly, can reduce the
computational complexity for establishing the best position-
ing of the lithography masks.

The method according to the invention can be used, in
particular, for improving a method for producing a micro-
structured or nanostructured component and for improving a
method for producing a lithography mask. The advantages
emerge from the more precise imaging of the used structures
41 of the lithography mask 33 on the wafer or from the more
precise arrangement of the used structures 41 on the mask
blank 2. As a result of the latter, it becomes possible, in
particular, to cover defects 31 on the mask blank 2 with
unused regions, in particular an absorber layer, in a targeted
manner such that the defects do not have a disadvantageous
influence on the imaging properties of the completed lithog-
raphy mask 33 when imaging same with illumination radia-
tion 5 of the provided wavelength.

The invention claimed is:

1. A method of measuring a substrate comprising first and
second marker structures, the first marker structure predeter-
mining a substrate coordinate system, the method compris-
ing:

using a position measurement system to align a position of

the first marker structure to align the substrate coordi-
nate system relative to the position measurement sys-
tem; predetermining an alignment data record with
intended position data of the second marker structure,
the intended position data being relative to the substrate
coordinate system;

using the position measurement system to measure actual

position data of the second marker structure in the sub-
strate coordinate system; and

establishing a transformation of the substrate coordinate

system into a transformed substrate coordinate system to
reduce deviations between the actual position data of the
second marker structure and the intended position data
of the second marker structure, wherein the substrate
comprises an object selected from the group consisting
of a lithography mask and a lithography mask blank.

2. The method of claim 1, comprising measuring two ele-
ments of the first marker structure.

3. The method of claim 2, comprising measuring two ele-
ments of the second marker structure.

4. The method of claim 1, comprising measuring two ele-
ments of the second marker structure.

5. The method of claim 1, comprising using an optical
method to measure the first marker structure, wherein the
optical method comprises using illumination radiation with a
wavelength selected from the group consisting of the UV
range, the VUV range, the DUV range, and the EUV range.

6. The method of claim 5, comprising using the optical
method to measure the actual position data of the second
marker structure.

7. The method of claim 1, comprising using an optical
method to measure the actual position data of the second
marker structure, wherein the optical method comprises
using illumination radiation with a wavelength selected from
the group consisting of the UV range, the VUV range, the
DUV range, and the EUV range.

8. The method of claim 1, comprising:

a) measuring an arrangement of the first marker structure

on the substrate with an image field with a first area; and

b) after a), measuring an arrangement of the first marker

structure on the substrate with an image field with a
second area,

wherein the second area is less than the first area.
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9. The method of claim 1, comprising:

a) using illumination radiation having a first wavelength to
establish an arrangement of the first marker structure on
the substrate; and

b) after a), measuring the arrangement of the first marker
structure on the substrate using illumination radiation
with a second wavelength,

wherein the second wavelength is less than the first wave-
length.

10. The method of claim 1, wherein the second marker
structure comprises a marker structure selected from the
group consisting of a fiducial marker, a scanner alignment
mark, a structure of a lithography mask, and a defect on a
mask blank.

11. The method of claim 1, wherein the transformation
comprises at least one member selected from the group con-
sisting of a linear transformation, a rigid-body transforma-
tion, a scaling, an orthogonal transformation, and a higher-
order transformation.

12. The method of claim 1, wherein the transformation
comprises a transformation used by a scanner when exposing
a wafer.

13. The method of claim 1, wherein the second marker
structure comprises the first marker structure.

14. The method of claim 1, wherein the first marker struc-
ture comprises alignment marks of a lithography mask, and
the second marker structure comprises scanner alignment
marks for aligning the lithography mask.
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15. The method of claim 1, wherein measuring the actual
position data of the second marker structure in the substrate
coordinate system comprises establishing an actual position
in a region of the used structure of the lithography mask in the
substrate coordinate system.

16. The method of claim 1, wherein the first and second
marker structures comprise fiducial marks of a mask blank,
and the substrate coordinate system defines a mask blank
coordinate system.

17. The method of claim 16, comprising predetermining
position data of defects of the mask in a data record.

18. The method of claim 17, wherein measuring the actual
position data of the second marker structure comprises using
the position measurement system to measure actual positions
of defects of the mask blank in the substrate coordinate sys-
tem.

19. The method of claim 18, comprising storing the actual
positions of the measured defects in a substrate map.

20. The method of claim 1, further comprising using the
method to establish an overlay of two lithography masks.

21. The method of claim 1, wherein the substrate is a mask
blank, and the method comprises:

predetermining a used structure with specific intended

positions; and

establishing a positioning of the used structure on the mask

blank so that a plurality of defects are covered by the
used structure to reduce an influence of the defects on
imaging properties of the completed lithography mask.

#* #* #* #* #*
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